Adults of the swallowtail butterfly Papilio polytes have a faint scent, which is stronger in males than in females. From the solvent extracts from adults, six relatively high-volatile substances including linalool, nonanal, and decanal were detected in small amounts. Since males contained more linalool than females in the average amount per individual, this compound is believed to be attributable the male's strong scent. The majority of the substances is somewhat concentrated on the wings rather than on the body, whereas acetoin is mainly present in the body, particularly in the thorax for both sexes. In addition, the solvent extracts were found to have large amounts of relatively low-volatile substances in which six n-alkanes, three n-alkenes, and four carboxylic acids possessing 10 to 29 carbon numbers were identified, and the major components were n-heptacosane, n-nonacosane, and hexadecanoic acid. In the extracts from individual whole 3-d-old adults, (Z)-7-tricosene and dodecanoic acid were significantly more abundant in males than in females, while (Z)-7-pentacosene and n-heptacosane were significantly more abundant in females than in males, indicating that the swallowtail adults have a sexual dimorphism in volatile composition. During the 3 d after emergence, most of the identified components averagely increased by twice the amount per adult.
INTRODUCTION
Various insects use their secretions and cuticular lipids for inter-and intraspecific communications. In Lepidoptera, female adults of many moth species excrete sex pheromones for mate location and courtship, in which various unsaturated hydrocarbons, epoxides, alcohols, aldehydes, ketones, and acetates with long straight-chain structures are identified (Ando et al., 2004) . A number of adult butterflies, particularly males, also emit volatiles of various chemical classes. However, the biological significance has been elucidated only in a limited number of species (Boppré, 1984; Honda, 1986a, b) . Adult males of danaid butterflies have abdominal brush-like and/or alar secretory organs from which dihydropyrrolizine and b-lactone substances are secreted as aphrodisiacs (Pliske and Eisner, 1969; Edgar et al., 1971; Komae et al., 1982; Eisner and Meinwald, 1987; Schulz et al., 1988; Honda et al., 1995; Nishida et al., 1996) . Several pierid adults use the alar androconia to disperse characteristic volatiles such as geranial and neral in Pieris melete and P. napi (Bergström and Lundgren, 1973; Hayashi et al., 1978; Kuwahara, 1979) , methyl esters of some aliphatic acids and various components in P. rapae (Honda and Kawatoko, 1982) , and b-ocimene in Delias spp. (Ômura et al., 2000) . Although scents are also found in several papilionid adults, the chemical profiles have thus far been identified in only two species, Atrophaneura alcinous (Honda, 1980) and Papilio machaon (Ômura et al., 2001) .
Papilio polytes Linnaeus is a Rutaceae-feeding papilionid butterfly inhabiting Southeast Asia and the southwestern islands of Japan. In Japan, this swallowtail is sympatric with several closely related species with similar black wings, such as the P. protenor in Yaeyama and Okinawa, and P. memnon and P. helenus in Okinawa. When adults of P. polytes were captured in the field, odors emitted could hardly be perceived. However, when these adults were stored in a clean plastic container, a definite fragrance was present after letting sit overnight. The scent was stronger in the container that held the males than in the one that held the females. Hence, it is evident that this swallowtail emits some odoriferous compounds. In this study, an attempt was made to reveal the chemical composition of volatiles from the adults of P. polytes. Using solvent extraction for intact individuals of this species reared in our laboratory, we investigated (1) the chemical profiles of the scent in 1-dold and 3-d-old adults after emergence, (2) the sexual difference in the amounts of major components in 3-d-old adults, and (3) the distribution of volatile components on the insect body of 3-d-old adults.
MATERIALS AND METHODS
Insects. Adults of P. polytes were obtained from our laboratory stock cultures that originated from a natural population collected on the Yaeyama Islands. Larvae were reared at 25°C and a light : dark (L : D) cycle of 16 h : 8 h on potted plants of some Citrus spp. Within 24 h of eclosion, adults were sexed and kept separately in plastic containers (30ϫ25ϫ20 cm) until use. They were fed a 15% aq. sucrose solution once daily. Although females occur in two forms (i.e., form I resembles the male and form II is a good mimic of Pachliopta aristolochiae), form I is only used in the present study.
Extraction. The volatile components of adult butterflies were collected by the following extraction methods using dichloromethane purified by two distillations.
(1) The overall chemical composition was determined with the extracts from 20 1-d-old or 3-d-old adults of each sex. The components of the forewings, hind wings, and body (i.e., head, thorax, and abdomen) were extracted separately with 10 ml of solvent.
(2) The average amount of volatile component per adult was determined from 10 extracts of one whole individual of each sex. The components of each 3-d-old adult with amputated wings were extracted using 2 ml of solvent.
(3) Distribution of the components on the wings and body of each sex was examined by extracting the body parts of ten 3-d-old adults. Forewings and hind wings were divided into two parts (distal and basal) in the same manner as reported by Ômura et al. (2001) . The body was divided into three parts (head, thorax, and abdomen). The components of the respective seven parts were extracted using 5 ml of solvent.
All extractions were performed for 30 min at room temperature. The extracts were subsequently filtered and concentrated once to 500 ml in vacuo at 15°C. The extracts were further concentrated to 100 or 200 ml under a nitrogen stream at 0°C, and were maintained at Ϫ10°C until use.
Dimethyl disulfide (DMDS) treatment. Crude extracts from one whole individual were derivatized to DMDS adducts to determine the position of double bond in the major olefinic components. As described by Buser et al. (1983) , 20 ml of DMDS and 4 ml of 1% iodine solution in ether were added to the extracts. The mixtures were sealed in glass tubes and incubated at 40°C for 12 h, and then extracted with 100 ml of iso-pentane three times after adding a 5% aq. Na 2 S 2 O 3 solution. The extracts were dehydrated with anhydrous Na 2 SO 4 , concentrated to 100 ml and maintained at Ϫ10°C until use.
Chemical analyses. Crude extracts and DMDStreated extracts were analyzed by gas chromatography (GC) and by gas chromatography-mass spectrometry (GC-MS). GC analyses were carried out on a Shimadzu GC-14A gas chromatograph equipped with an FID on a Varian CP-Wax 58CB fused-silica capillary column (0.25 mm I.D.ϫ25 m, 0.20 mm film thickness), using a temperature program of 40 to 220°C at 5°C/min with an initial 2-min hold at 40°C. Samples were injected split-less at 250°C using N 2 as the carrier gas (flow 1 ml/min). GC-MS analyses were performed at 70 eV using a Shimadzu QP5000 mass spectrometer coupled with a Shimadzu GC-17A gas chromatograph in split-less mode, using the same type of capillary column with a length of 50 m and the same analytical conditions as described above. Identification of the components was based on comparing the GC retention data and mass spectra with those of authentic samples unless otherwise noted. Each component was quantified using n-dodecane as the internal standard.
Authentic samples. (Z)-7-Tricosene, (Z)-7-pentacosene, and (Z)-7-heptacosene were synthesized according to Drijfhout and Groot (2001) . A mixture of 3 mmol of alkylbromide (1-bromohexade-cane, 1-bromooctadecane, or 1-bromoeicosane) and 3 mmol of triphenylphosphine in 10 ml of m-xylene was refluxed at 130°C for 12 h. The reaction solution was concentrated, 1 ml of dry acetone and 10 ml of dry diethyl ether were added, and the solution was stored at Ϫ10°C overnight. After filtration, alkyltriphenylphosphonium bromide was obtained. A slurry of 0.5 mmol of powdered alkyltriphenylphosphonium bromide in 10 ml of THF was prepared under nitrogen. The mixture was cooled in an ice bath and 5 ml of DMSO was added, after which 0.5 mmol of n-butyllithium in hexane was injected. After 5 min, 0.5 mmol of heptanal was injected, and the resulting mixture was stirred for 30 min at room temperature. The mixture was diluted with water and extracted with petroleum ether. The extract was dried with MgSO 4 , concentrated, and separated on column chromatography on silica gel with hexane. The alkene was obtained as a mixture of Z and E isomers at an approximate ratio of 90 : 10. Other authentic samples were commercially available materials (Tokyo Chemical Industry, Tokyo).
RESULTS

Overall profile of chemical composition
The extracts of wings and body had small amounts of relatively high-volatile components eluted before 30 min of retention time by GC-MS, but were rich in relatively low-volatile components eluted after 30 min (Fig. 1) . In each sex, forewings and hind wings showed very similar chromatographic patterns, while the body was also somewhat similar to the wings in overall pattern. One monoterpenoid, one alcohol, two aldehydes, one ketol, five carboxylic acids, and nine hydrocarbons (six n-alkanes and three n-alkenes) were identified (Fig. 2) . In addition, the presence of four other components was found in the extracts. Diethylene glycol vinyl ether (peak a, Fig. 1 ), diethylene glycol monobutyl ether (peak b), and dibutyl phthalate (peak c), eluted at 23.6, 27.8, and 48.7 min of retention time by GC-MS respectively, were regarded as artifacts from the polyethylene cap of the glass tube used for storing the sample. The remaining component (peak x), at 62.2 min, was characteristically present in a large amount in the wings from ), respectively. Therefore, the double bond was determined to be in the D 7 -position for the parent monoenes. In comparison with GC retention data and mass spectra, the monoenes with M ϩ at m/z 322, 350, and 378 were in accordance with the authentic samples of (Z)-7-tricosene, (Z)-7-pentacosene, and (Z)-7-heptacosene respectively.
Among the 19 components identified in the 3-dold adults of this butterfly, n-heptacosane, n-nonacosane, and hexadecanoic acid were predominant; the average amounts of which were nearly or more than 10 mg per adult. Although the average amount was not more than 100 ng per adult, nonanal and decanal from both sexes and linalool, particularly from the males, were identified as the odoriferous volatiles perceivable by humans.
The overall chemical profiles of the extracts were similar between the 1-d-old and 3-d-old adults. However, during the 3 d after emergence, most components on average tended to double in the total amount per adult, and nonanal and n-tricosane increased by more than three fold in both sexes. In contrast, the quantitative change of linalool with aging was very small in males. 424 H. ÔMURA and K. HONDA 
Difference in the amount of components between the sexes
Nine hydrocarbons and four carboxylic acids identified as relatively low-volatile components were reproducibly detected in amounts of more than 200 ng from one whole adult. Among these components, (Z)-7-tricosene (pϽ0.001) and dodecanoic acid (pϽ0.05) were significantly more abundant in males than in females, whereas (Z)-7-pentacosene (pϽ0.001) and n-heptacosane (pϽ 0.05) were significantly more abundant in females than in males (Mann-Whitney U-test, Table 1 ).
Distribution of compounds on the insect body
Of the 19 compounds identified, several were localized on specific body parts. Although detected amounts were on average less than 200 ng for both sexes, five relatively high-volatile components such as linalool, nonanal, and acetic acid tended to be of higher content in both the forewings and hind wings than in the body (Fig. 2) . These components were detected in both the distal and basal parts of each wing. On the other hand, acetoin was localized on the body, particularly the thorax, in both sexes (Fig. 2, Table 2 ). Relatively low-volatile hydrocarbons and carboxylic acids were found in all seven extracts of the body parts. However, n-tricosane, n-pentacosane, (Z)-7-tricosene, (Z)-7-pentacosene, and (Z)-7-heptacosene were slightly more concentrated in the head and/or thorax than in the abdomen and four wing parts.
DISCUSSION
Adults of P. polytes exhibit sexual dimorphism in the chemical composition of volatile substances. We have identified 19 components in solvent extracts. The extracts were abundant in relatively low-volatile components eluted after 30 min by GC-MS analyses such as n-alkanes, n-alkenes with a double bond in the D 7 -position, and saturated carboxylic acids, with carbon numbers ranging from 10 to 29. The major components were n-heptacosane, n-nonacosane, and hexadecanoic acid. Although the extracts had small amounts of relatively high-volatile components, linalool was found to be male-specific, whereas nonanal and decanal were common in both sexes. These substances are responsible for the odoriferous scent from adults of P. polytes. Two papilionid species have thus far been studied with regard to the chemical profile of adult scents. A. alcinous has phenylacetaldehyde as the predominant volatile and benzaldehyde and linalool as the minor ones (Honda, 1980) . P. machaon emits the scent consisting of various components, in which linalool, geranylacetone, and n-dodecane were identified as the major components (Ômura et al., 2001) .
On the basis of the distribution pattern among the seven body parts of P. polytes, identified com- ponents are categorized as the following three types: (1) acetoin is very unique due to its biased presence on the body, particularly in the thorax, of both sexes. (2) Five relatively high-volatile components are regarded as the alar substances because they were mainly present in the wing parts rather than the body. A similar distribution pattern is also found in several volatile components of P. machaon (Ômura et al., 2001) . (3) Relatively low-volatile hydrocarbons and carboxylic acids were omnipresent in large amounts in all body parts of both sexes, although several of the components were somewhat concentrated in the head and/or thorax. Such long-chain components are generally present in insect cuticular lipids and often used as chemotaxonomic characters to discriminate between closely related species (Howard, 1993) . However, the cuticular substances of adult butterflies have been investigated to a limited extent. This categorization suggests that three types of components are contained in different organs with different distributions on the insect body. Although we have never clarified the P. polytes organs containing volatile substances, in other papilionid adults, males of the A. alcinous possess a characteristic scent-producing organ on the inner margin of the hind wings, where phenylacetaldehyde is concentrated (Honda, 1980 (Honda, , 1986a . Two sulfur butterflies, Colias eurytheme and C. philodice, sympatric in North America are different in the chemical profile of the male wings. The former males specifically possess three homologous n-hexyl esters (myristate, palmitate, and stearate), while the latter is characterized to have 13-methylheptacosane. Despite the low volatility, these compounds serve not only as aphrodisiacs to conspecific females, but also as the signals for interspecific discrimination (Grula et al., 1980) . It is possible that the adult scents of P. polytes have similar inter-and/or intraspecific functions to those of the sulfur butterflies because this swallowtail has a significant sexual dimorphism in its chemical profile and is sympatric to closely related species with similar wing patterns. However, functions of the scents from adult swallowtail butterflies have yet to be clarified for any species including P. polytes.
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H. ÔMURA and K. HONDA Further studies need to reveal biological responses of P. polytes and other swallowtail species adults to the compounds identified in the present study. The overall profile of the volatile substances in P. polytes did not change remarkably with aging, such as that of the androconial scents of two pierid species (Kuwahara, 1979) . However, during the 3 d after emergence, the levels of several components, particularly nonanal and n-tricosane, increased more than twofold per adult. This suggests that most of the volatile substances accumulated agedependently in the insect body of this swallowtail. On the other hand, the amount of linalool varied only slightly in male adults. In addition to the biased presence of this compound in males, linalool is likely to have a distinct profile from other components in age-related quantitative change. These findings are useful for further studies on the adult scents from P. polytes.
